Introduction
Buruli Ulcer (BU), an emerging bacterial disease caused by Mycobacterium Ulcerans (MU), is one of 13 classified neglected tropical diseases [1] . It mostly affects poor rural populations in tropical and sub-tropical countries, mostly in West Africa [2] . The disease has been reported in at least thirty-three (33) countries worldwide and is the third most common mycobacterial disease after tuberculosis and leprosy [3] . Landscape determinants such as Land Surface Temperatures (LSTs) and elevations may play important roles in Mycobacterium spread. There are suggestions that low elevations correlate to villages with higher prevalence rate [2] . [4] , also suggested that altitude (elevation) could affect BU disease prevalence. Wetlands and ponds in lowlying (low elevation) areas provide ideal environment for MU development. LSTs also reflect surface interactions and energy fluxes between the ground and the atmosphere [5] . Thermal Infrared (TIR) remote sensing data have been shown to provide valuable information on LSTs [6] ; [7] ; [8] ; [9] . These TIR sensors are also utilised to obtain LSTs and emissivity data of different surfaces with varied spatial resolutions and accuracy. Emissivity is the ratio of the radiant energy emitted from a real world body to that emitted by a black body at the same temperature [10] . With satellite technology, remote sensing-based LST is becoming available globally [11] . Remote sensing LST products provide an estimate of the kinetic temperature of the earth's surface temperature [11] ; [12] . Remote sensing and Geographic Information System (GIS) technologies have been widely applied in public health study [13] ; [14] ; [15] ; [16] ; [9] ; [17] ; [18] . Though researchers have suggested a link between local climate (temperature) and the occurrence of some diseases and other threats to human health [19] ; [20] ; [21] , studies have not been conducted to simultaneously consider LSTs and elevations in both endemic and non-endemic districts. This study will use in-situ ground truth temperatures and remotely sensed imagery to examine the spatial distribution of LSTs in relation to elevation and BU disease prevalence. This study will use the thermal infrared band of the Landsat TM/ETM+/OLI-TIR data, ASTER DEM and field observations to determine the relationship between LST, elevation and BU disease prevalence. The integration of Remote sensing and GIS in this research may help with the analysis as to how elevations and LST conditions impact on BU disease.
LSTs and MU Environments
LST is an essential climate factor, linked to surface energy balance and the thermal state of the atmosphere [22] . According to [23] , the MU grows optimally at temperatures between 29-33 °C but cannot grow at temperatures above 35°C [24] . [23] , also stated that MU grows very well under micro-aerophilic conditions at 25 °C and 28 °C than at higher temperatures [25] . Studies have however not been done to determine the spatial distributions of LSTs of endemic and non-endemic districts of MU.
LST is inferred from the thermal emission of the earth surface and is generally some average effective temperature of various canopy and soil surfaces [26] . LST is a key parameter in land surface processes [27] ; [28] , which can induce local convection in air temperature and precipitation [27] and in turn influence the survival of MU in the environment. [29] . [2] , suggested that higher prevalence rates were located in low elevation areas. High prevalence of BU disease was associated with farming activities that occurred primarily at low elevations [2] . [30] also stated that persons living in lower elevations appear to have a higher risk of BU. One good reason for the relationship between elevation and BU prevalence is that since lowlands tend to be wetter than higher grounds, they provide good environmental conditions for the spread of MU [30] . Farmers are also more likely to patronise these wetter lowlands to plant and harvest their crops, thus making them vulnerable to the bacterium.
Materials and Methods Used

Study areas
The study areas include: Amansie West District (AWD), Upper Denkyira West District (UDWD) and Tarkwa Nsuaem Municipality (TNM). These study areas were selected due to their similarities in socio-economic activities (e.g. illegal "galamsey" mining and farming activities) and BU prevalence. AWD lies between latitudes 6°07' N and 6°35' N and longitudes 1°42' W and 2°08' W ( Figure 1 ). The district is bounded by UDWD, Amansie Central district, Bibiani-Anwiaso-Bekwai district, Atwima Mponua district, Atwima Nwabiagya district, Atwima Kwanwoma district and Bekwai Municipal. The district is a tropical rain forest area of about 1320 km 2 with an estimated population of 134,331 [31] . It is approximately 60 km southwest of Kumasi, the regional capital of Ashanti. AWD has the highest BU prevalence rate of 150.8 per 100,000 in the country [32] ; [33] , and the second highest reported active cases across the country [32] . The main occupation of the people is subsistence farming and small scale "galamsey" mining. The AWD is drained by the Offn and Oda rivers and their tributaries (Figure 1) . UDWD is the second study area and lies between latitudes 5° 54' N and 6° 18' N and longitudes 1° 49' W and 2° 12' W of the Greenwich Meridian (Figure 2 ). The district is bounded to the south-east by Upper Denkyira East district, Amansie Central district and Obuasi Municipal. Bounded to the south-west are Wassa Amenfi East and Amansie West districts. The district is also bounded to the northwest by Bibiani-Anwiaso-Bekwai and Wassa Amenfi West districts. UDWD covers an area of about 1700 km 2 with an estimated population of about 132,864 [31] . While the Central Region has the highest overall prevalence rate of active cases (Amofah et al., 2002) , UDWD is among the most endemic districts in the Region and has the third highest prevalence rate of 114.7 per 100,000 nationwide together with Upper Denkyira East District after Asante Akim North district (prevalence rate of 131.5 per 100,000) and Amansie West district (prevalence rate of 150.8 per 100,000) (Amofah et al., 2002) . [31] , the Municipality has a total land area of 1208.7 km 2 with a population of approximately 90,477. Subsistence farming is the major occupation of the people although galamsey mining is also practiced. Largescale mining is the main industrial activity in the TNM [34] . There is only one community (Kedadwen), with reported cases of BU disease in the Municipality. The Municipality is drained by Bonsa and Ankobra rivers as well as their tributaries (Figure 3) . 
Geo-referencing and Co-registration
The satellite images were geo-referenced and orthorectified to the Universal Transverse Mercator projection zone 30 North (UTM 30 N). The images and the topographic maps were co-registered using 35 ground control points, primarily road intersections, and permanent topographic features across the images in order to have a common projection and datum (Jensen, 2000; Dai and Khorram, 1998). The ASTER DEMs were also reprojected to the UTM Zone 30 N to align properly with the rest of the data. A first order polynomial model was used for the orthorectification with nearest neighbour resampling. The root mean square (RMS) errors were less than 0.25 pixels (7.5 m) for each of the images.
Radiometric Calibration
Calibrated DNs of band 3, 4 and 6 for TM and ETM+ as well as band 4, 5 and 10 for OLI-TIRS images were converted to At-sensor spectral radiance (L λ ) using …. Equation (2) where:
 is the reflectance as a function of bandwidth (Planetary reflectance)  d is the Earth-sun distance correction  is the radiance as a function of bandwidth  is the mean solar exoatmospheric spectral irradiance  is the solar zenith angle in degrees
Determination of the Land Surface Temperatures
LSTs are dependent on Normalized Difference Vegetation Indices (NDVIs). NDVIs were used to determine vegetation proportion ( ), which was also used to compute the Land surface emissivity . The NDVIs were computed from the Landsat data using Equation 3. ……………Equation (3) where: NIR is the Near-infrared and Red is the visible red spectrum of light. The At-sensor spectral radiance of band 6 and 10 were converted to At-sensor brightness temperature (T B ) by applying Plank's inverse function. Equation (4) [37] was used to convert radiance to brightness temperature. ……..Equation (4) where, T B is the brightness temperature in degree Kelvin, L λ the TOA radiance at the sensor's aperture, K 1 is the prelaunch calibration constant 1 in W/(m 2 sr μm) and K 2 is the pre-launch calibration constant 2 in Kelvin.+ The calibration constants K 1 and K 2 obtained from Landsat data user's manual are given in Table 2 . The vegetation proportion ( which is required to calculate the emissivity is determined from Equation (5 Licensed Under Creative Commons Attribution CC BY [38] . …….Equation (6) The LST in degree Kelvin was estimated by Equation (7) [39]; [40] .
…………Equation (7) where is the wavelength of emitted radiance which is equal to 11.5 μm [39] ; [40] , ρ = h.c/σ (1.438 x 10 -2 m K), σ = Boltzmann constant (1.38 x 10 -23 J/K), h = Planck's constant (6.626 x 10 -34 J s), c = velocity of light (2.998 x 10 8 m/sec) and ε =the land surface emissivity. The final LST map was converted from degree Kelvin to degree Celsius using Equation (8):
Quality Assessment and Validation of Land Surface Temperature
GIS point coverage of 10 in-situ meteorological stations were generated and projected onto the LST maps of the meteorological stations. The LSTs from the meteorological stations were then retrieved from the Landsat thermal bands. The surface emissivity and solar zenith angles which are important factors affecting LSTs [41] ; [42] , were also retrieved from the multispectral Landsat data and solar elevations from the metadata respectively. Ground truth temperatures for each of the meteorological stations concurrent with Landsat overpass and acquisition dates were also retrieved from the Ghana Meteorological Agency.
Processing Digital Elevation Models
The DEM was clipped to the study areas and corrected by "filling sink" in order to minimise sinks due to errors. Color-relief was then generated to assign symbols to different elevations. BU communities were overlaid on the processed DEM. The average elevations of BU communities and their surrounding elevations were extracted and compared with BU cases.
Results and Discussions
The results of LSTs from Landsat TM/ETM+/OLI-TIRS satellite images indicate that, BU disease endemic communities in the study areas have average temperatures of between 20.8 °C and 34.2 °C (Figure 4 to 6) . A simple regression analysis was performed to compare ground truth temperatures and LSTs derived from the thermal Landsat data. The digital elevation models as well as 2D contour profiles of BU endemic communities and surrounding landscapes were also generated. 
Conclusions
The 
